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(54) NITRIDE SEMICONDUCTOR LED 

(57)Abstract: 

PROBLEM TO BE SOLVED: To emit light with high 
luminance by specifying the magnitude of atomic 
concentration among a light emitting layer and a p-type 
and an n-type clad layer which constitute a p-n junction 
type DH structure, having the light emitting layer formed 
of on indium-containing III nitride semiconductor having 
a multilayer structure consisting of a main phase and a w 
sub phase. 

SOLUTION: The magnitude of the quantity of an oxygen 
impurity for an n-type clad layer 103 and a p-type clad 
layer 106, which constitute a p-n junction type light 
emitting section of a nitride semiconductor light emitting 
element and an n-type light emitting layer of a polyphase 
structure, is addely specified. More specifically, while the 
n-type clad layer 103 has oxygen atomic concentration 
of Qc (atoms/cm3) and the p-type clad layer 106 has 
oxygen atomic concentration of Qp (atoms/cm3) f the 
light emitting layer 10 is formed of an indium- containing 
III nitride semiconductor having oxygen atomic 

concentration larger than Qc or Qp. By including oxygen atoms in the light emitting layer 10 of a 
polyphase structure formed of the indium-containing III nitride semiconductor, light can be 
emitted stably with high intensity. 
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1 

U -f^A (i n) ttrictt:*«ai-s*(**atttJR 

ftTWQp Oifl^/cm 3 ) ir-T5III flg»{btt*NJi* 
H*5p^77 Klii:«**ixti«iJltp n 
g^S^y^ro (DH) g^*iga>%#SB&jyf6 10 

13 (Ah Ga,- X N:0^X^1) Wiin 20 

(Ga y I n , . y N : 0. 7<Y^ 1) frt>mi&£tlZ> 

r t z&mt-tzm&m 1 am 3 o<^;wc:iE«<©Sfl: 

[0 0 0 1 ] 30 

mztitb <n m « « c H i" s « 

[0 0 0 2] 

(?)yV;U^f n (Double Hetero:DH) 
6 0 2 8 3 4§-#Ba) 0 U"CDH*iS<0** 
mtTJl- l^$J* - ^y^ (Ah Ga,., N:0S 

x^d *»e>«i«Six5w*siB«-e*)* (jpn. j. 

Appl. Phys. , 32 (1993) , L8 — L1 

Vv^A (G at I n,- T N : 0 ^Y^ 1 ) 7^<b$ff&£ 
tLtl^ (»4>BB5 5-3 8 3 4*#RP,) 0 >f>-v^^ 
*I/£it (= 1 - Y) ff>f|g*C«g, ^3 6 0t/>-^ 
- (nm) *>ib#*J5 6 0 nmCI5«W6^I 

S^«b"Cfc5o 50 
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[0 0 0 3] aft*******^^— «t IsX&K? 
4*— K (LED) ^tfixtf, Mi^ltpn 

tffeft* (Si) 4^n*W»tK-f^Lfcn 
ff2£fb#y*-k (GaN) fl»fe«|*S;h/C^6o 
f±\ f^T'ti, nf^7-7Ki^gg (Si) £^frjg 
fct^O. 3 A • irV^^— h/U (Q • cm) 7^£) 
8 X 1 0 3 Q • c mtfc^A l x G a ,- x N (OSX^ 
1) (r^Fl2 6 2 3 4 6 6^# 

BB) 0 p»*7 5> KJBliii*. (M 

g) ^K-t°y^L/cAl x G ai - X N (O^X^l) 
^<bf$/££tLT^5 (1tl¥l 0- 2 1 4 9 9 9^i 

[0 0 0 4] — l§^/i^^c-rG a Y I n i . y N ( 0 

(i\ >f >v^^ A#W^-t*$-i:t5G a ( I n i . y 
N^fcSttJI (**JilfciMi#FJi) Sr««i-5!ie*« 

(#H¥ 9 - 3 6 4 3 0 t^i^if #1) c ffi 
-Ov^^^fiJS^rtBai-S^iaotB (do ma in 
^fclip h a s e) A^figS^ffiflliSWG a Y I n,. v 
N (O^Y^i) A»t>3g*Ji Sf36*«t*PixX 
1^5 (^1? 1 0-5 6 2 0 2 fl # 

fiHlitiri*. ^nttJc*<^«i««:d&*-r6**tB (m 
atrix phase) k^#ftfol£&fcWl\£??&'i' 
5ttJR«i:^fe*Sa'&fr-C*)5t*»*tt5„ Gay 
In,., N(±7C** L*t^W»"C*>9 , £p 

ot^M^Gav In,., Nt^/&£*lB<, fiKBS 
?5SSfi-C*>5flJjfe^*>5 (Appl. Phys. Let 
t. , 70 (8) (1997) % 981 — 983 H# 
BR) o 
[0 0 0 5] 

[*W^W*bJ: o h-fZ>WkM\ £fc #tB«it^Ga 
v In,., N£3§;ftJi£ Liti^^bli, ^VS** 

##bft£ffffit£a**>5 (#B¥lO-5 6 2 0 2f^ 

[0006] l^l. mnmomftzhtzh-ttztbicm 

[0 0 0 7] 1 (OKH», VC^ 
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[0 0 0 8] *3BW(0JB2ORjBtt, *««3t«>f^^ 
[0 0 0 9] 10 

tt, if^M^Qa (UR^/cm 3 ) £ U -YVv? 

(in) m^it^tas-r^^tB^^tair^bj* 

*^*S«ttJiJ^ M-TIg^Qa^Qc (JK 20 
T-/cm 3 ) ti-SIII K»fLtt¥Wto&»fcj*SnJ»* 
RS^iSS^Q c W±t*Q a WT^Q p 
(^/cm 3 ) fci-SIII Mtt¥*W^fi)t5p 

7>^td (dh) *^«ito**»^*«Lrv^^ 

[0 0 10] 2 JCE<*05«Wtt, -b 

l^** U 7 »S W n ^g*f CI L n f ^ 7 ^ 30 

[OOlll it *«S^»*:ii3^IE*eo|gWtt, S 
5 c # X ft ' < ^ K tK t > > ^ £* #M "T £ #> o b <£> T' £> 

WTi:f5ilt;7;^;-^A.^y^A (Al x Ga 40 
N:0^X^1) fribteZnmfr&mmmZtlX 

[0012] *t *»W«*«4{cR*<0*Wfi. _b 
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£ix • >T (Gay In^y N : 0. 7 < 

i) frhmfiLZthzz t fcwat-rsaiffc****** 

[0013] 

J^lFlI^Qc (J^/cm 3 ) tt5n»^7^Ki 
Lx -tJx«±^»*«^-»KQa (^/cm 3 ) 

[0014] i«3SSo«*Sr»6fc«)(cii , * 7 y KJB 

LTfi*:^ 1 X 1 0 IT J^-7-/c m 3 ^P>1X10 2, 1S 
-f-Xcm 3 WTT'fe5Wi$ LV\, Midi*, 5X10 
'"^/cm 3 7^5 X 1 0 20 W^/ cm 3 (7DjffiH^*> 
5(^WL^c Hot, ^^FiwlWMli 

Qcfi, Qatclt-<r*^l«T^jesltiMi-€:tLJ^±(S»JS 
7^Wfa^\iL (deep level) <t , ffi 

St. »oTff»*-C*>5 0 Hf*wm^ 

(trap) stb, i^n^tyrwss 
?7vh*m<D&mtemmm*mmQp(nmmz, q c ^ 

[0015] **W Wftfktt^WftSS**^^ pn^ 
(MOCVDft) ^— IfttCffl^^ixSo MOCVDSC 

-T6 0 -fftip-b, p pmSt^ 

T, rici"»R9R$W7H«b«r«cS*p pmTJIt+li 
ppm8S(dStfry*=7 (nh 3 ) ^liia 
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WtyftM (s IMS) m-/xlfM 
(AES) ffifc^MJ: 9^fiT*^5 0 
[0 0 16] *«Wo»2^ltl6JBtt-efi, #+B«56^g 

«■ left* £ it T £tgtii£2gftJi frKtt 6 CL £ (c J: 9 , 

Z>o cfti K> , %*ffi«wa:*:*s*fe*tt, i^i^gco^ io 

[0 0 17] ^2WlWl:^5n^*Ilj:, n 
2 nm^itf /i mJtJLTt-rStO^S* Ll,\ 2 n m 

*!>, ^ffi#tf§ (morphology) (D'&itfrWS b 
[0 0 18] *«W<7>K3W*lS?B«-ett, 

y T««<o»aa>&«ja-rs 0 *^yT»£te, # 

^l<(i5xio 17 cm' 3 aT<ht5 0 iSi-Siifffi, 

8 2 n m^lt^ 2 0 n mWTf)ffiit*fc 5» 

fi, nmfr&m&&i[:Tji'*~$j*-tfy$j* (Aix 

Ga lx N:0^x^l) A^fe*^ 3<0£#*C#* L 

[0019] nmifrtemn. nffift&mt&nmmz&yt 

7 (i r ottRSrK W 6 <o ^ is + ^it- *> 

5**B«Jfi3S*JB0 1 0(C^L-C, nMfti0 2 0^ 
#ffi«iS%*:Ji 0 1 0 lCft*S*fc»£\ 1 0 

t n l&fttEM 0 2 0 t Wft^ffi 0 3 0 i£«f W*tB«ig 

56*JH0 l 0<ort(fB««tcii, e*HfCBfcfi^>-> 
p i «$ns, :w6*»c BfRijofJg-^ 

fy'>t/«L P 1 [Cfi, nff^ 7 y KJ10 4 Ojlljrt* 
fbf&j&£ft5®^eaqt®£ft£ 0 ^(D^&Lfcm^e 50 
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[0020] *«wojB4<ojii6*i8-ej±, &nmm<o 

-Ov^^ (Gay In.-vN (0. 7<Y^l) ) «t 

^^fg^gCO^TC^T'foS^y (Ga) i&wi 

^>v?r>A (In) b(Om&t$ (c omp 1 ex) 0^ 

fH^m^m^m±\c^ lt i ^sfc* t guns 

3&^"Cfi&l^ (Stephen J. Pearto 
n E d i . , " G a N and Related M 
aterials" (Gordon and Brea 
ch Sci.Pub, , 1997), 1 H#JS) . S£ 
JMK^*>««fi, ¥fifc*«*>fef9 0»*IS^»ffi (* 
ffi : HS^/ c m 3 ) k3Zfcn<0»m (mil: cm 3 ) t 

[0021] Ga y I n,. v N (0. 7<Y^1) frh 

ISA ftc^ * ix S w *sii« T- *> 6 „ ffi R8 W tc *j"f 

Wt&So Ga ¥ In t . y N^^*SIS*:B^*— jgaSt 
iSifiS^Mtttt (TEM) ^r^ijffl Ufc»#W«ifi^r 
[0 0 2 2] ±*tart^K*JS^03fel[^^JRffi<^-ttb 

ft, ^«^^rt^^feffi^B B B ^:Pi0lc 

[0023] ffigijtc»*m^-»a?sr*aa**fc#*B*is 

w»*»Sr, Htc. J^VVM&mtc (=1-Y) 

0. 3 J^TIC^^LfcG a Y I n , _ Y N (0. 7<Y^ 

ftSo Ga Y I n i - Y N^^ttfi-r V^^A^it 
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7 

j$Jt£0. 3«T(c»»Ji-ixtf, K%*:3Sa«:»&tcff 

ffii46«MRlC«n5GaT In,., NflStfc&S 

[0 0 2 4] ^ffiWJS©******^** 
[0 0 2 5] 

MOB] (clE«<^ *«ia^ys;^M 10 

III j^^iL^^^^^^^^^l^^ix.fcp ng^i 

[0 0 2 6 ] »*«2 0*W«C|E*<0, ^tUSigflftJi 

mffi*m%:mo^mm\cK*)teWtZi£, aft***** 

3o 20 
[0 0 2 7] W*3g3^fB*gWn^^?£SH. £ffi«J§ 

[0 0 2 8] W*«4tC|5tt^, ^flstiir^JRffiibT-tB 

0. 3J^T<t Lfc^fttfy 9* ■ 4 ^i?VJ*t*bt£Z>& 
fi*iS«*Jltt, afttt******^^*****:* 

[0 0 2 9] 30 

Il^ffi ^WfiJc £ ffi x. tc L E D £ f^M-T 5 * M b 

tf>Wl*i£i*2 0^bMLf:LED 1 0 C0¥Mfi££ 

A' MofcLEDl Off>**lffl<DWffi«jfi&^iM£^ 

[0 0 3 0] «JHHiftf*:2 0 11, V-7T^T (a-A\ 
, 0 3 ^lOUlt, MOCVDSCi 

>9 f^iH Lfco r << rmwL i o i <o (oooi) mm 40 

±lC|i % h^f/^'y ( (CH 3 ) 3 Ga) <b*£ 

£»ffiJB 10 2 Ufc 0 G a NfcifU/I 10 2 ±K 

mm (s i) <75 k— tr^^aKSr**. nwos^-cfc* 

nflSG a N^ibft^Tlfl^ 7 y KJB 10 3 £r*£HL7t 0 
nff^77K|103«:it tK^ (H, O) »g[ 

^2il P pm*»^i-Si««fl[wjRftr^=:rSra 
m (N) K & LT{£ffl Lfc a T1$? y v KJI I03rt» 
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$11 0 4 OTSPififf ^««"C» 1 x 1 0 ,u cm" 3 t L- 
fc. 

[0 0 3 1 ] ni^7 7K110 3^i^l:il Si 
Y—-f(D n 7f?G a o . « 5 I n,. , s N^P)i^lfcn^€* 
110 4^1Lf; o ^rf y7M^5X10 19 cm' a 

[0 0 3 2] n)f^iil 0 4±iC{i, ^ffcfBS&n^ 
Ga 0 . 92 I no.oe NkTZg>ftM&0)nm$£ytm 1 0 5 
£i£*fLfc 0 «BII*JCtt, 1 2Sfippm^ 

t^ry^r^Iiii:ifc 0 «*i 1 o 5 

«fl^2X10 19 cm- 3 i:Uc o ^rt^7l 
S(^8X10 17 cm' 3 afco ±(*:1lS60Sj¥fi*5j8 

[0 0 3 3] ^ffi«ifi^jS53&ft» 1 0 5 iitCti, * 

nmm i -m, pi&<o±M9 ? y vm 106^ 

&£^tz 0 :^pff^ 77KHO6 [i, 565tB 1 0 5 
twi^M-CA 1 iifitfc£r0. 1 5 U -Sffi"C0 £fr 

-5«ka immzmtttt^tz, M g k-^p»ai, 

G a , - x Nil (X = 0 . 1 5 -> 0 , JSJ¥ = 3 0 0 n m, 
^rty7M=2X10 17 cm- 3 ) ^bMLto p 
^7-; KJf 10 6 rtffi^MSim^aiailjB 5 x 1 0' 8 c 
nT 3 £bfc 0 ^<nm$im*&k&V> Alx Ga,-x Njf 
£#5fci6«C> h^rC/ (-OCHa ) KriSf+flDLfcAl 

T/I^-^jU ( (CH 3 ) 3 Al) SrAlWfcLfc. 

[0 0 3 4] _b|E^ct 9(-LT7T^L/t^Pig*2 0 
i-, -M^7t h y y / /77^-SW6/^-^ 
^ftffi^T/U:^ (Ar) (CH 4 ) 

z&mmi,x* &y7) ft^^^^ipx^jsu, 

«Bfi4 0 0/zm, 1^3 5 0/imWfM(7)LEDl 
0£/«£bfc o L E D 1 0 SrilSt Sfcft W p ^; 7 

^SSl0 7lt Mg K-T'Ali Ga,- X N*ii*4gia 
IH45p^7y KS1 0 6<7)*®tcS-r5{RlJS:& 
• »p v ^£ (Au 9 511% • Z n 511%) t«St 
±BSrAu-e«*Ufc2Ji«it^-&ffi««l 07at 

e*tt<&*ft^*>' (t i n) jwii*^3fcsa*tt«« 

10 7b^^MU*)6 o nit-vy^lllO 

7 7 KI 1 0 3±lC^L"C^lLfc 0 nm*- 5 
S/^Iigl 0 811. T/^^*i* (A 1 ) 7&^«fig 

[0035] LED10<^)p«t-;y^ 1 0 7 t 
nW-; s/^tfil 0 8 ir^r^(CHIi*-fp)tC2 OmACO 
ft^«i5fc«rii8fiLr, W^IS*RfiS:4 3 5 nmtt 

^ F/^8Blift8nmi;6»i:4ot * 
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t^22v^^D!7y h (/iW) Wi^^tClf^lixS 

[0 0 3 6 ] (Uttfl 2 ) 2 -Ctt, *mM(Om 

l »1 3 © *Mi«r«it L E DSrfffllt 5»*«rfl 

tat, *^wwrts*>%<*W(cuLP^-rSo *n«60«J2 

l-Ett<^8lBl»i§fM 0^bWltLED3 0^¥ffi 
«3t4:H 3 *fcH4lcrt:. 0 3 

b-b' lc?&otLED3 oot*»(?)|(riiiiS«:«K 

[oo37] mmm 1 t |s]«lc LtM LfcG a NSW 
S 1 0 2_bM, (Si) ^ K— hf^Lfcn^G a 

N^b/j:STSli^7y KB 1 0 3£i£ffiLfc 0 ^ 
jy Kil 0 3<©***^»«ttttl X10 18 cm" 3 a 

fc 0 niwiirRfii^y^^ (Ga) m.bmmwk*fii 

Mfc^J 1 cDnff^ =7 y KB^**fflW-»fl:Kifc L"CiS» 
Itftot, J§ffl*4 // m£ Lfc Q P1103(7)^-Y!i 
T?SS{i, ^2 X 1 0 18 c m' 3 b 
[0 0 3 8] nM? 7 y KB 1 0 3<D$kffimWa*. = 3 r 
-V U T»£&#J6 X 1 0 1 9 cm" 3 irt^nfWG a 

bM 1 1 n i o 4 ^iei t to nwmmmi 

[0 0 3 9] n^Eii 1 0 4_blcfci. i#fiSS:ni 
G a N<ti"S#ti»igW, TyhWCn*^ Ga 

O . yo I n 0 . ,oNa>feft5*ttBi o 5Sr«8!Lfco 

1105 0>**«T*«f±*& 6 X 1 0 1 u c m" 3 b Lfc 0 

mi o stjgja-rsiRji, mmmfw^m&omftm 

tteTtzMZ, iiM«M^5 6lfppmi: 
-T5 h ! J yf^^^^A ( (CH, ) , I n) 
v?£-k8g£ L/c 56ftil0 5^-lry7»SM4X 
10 i; cm'^t/:c ±fttgS(7)If^5nmT^ 

•9 . s <obj¥£*%%b i o 5 <Dmm t l < * 

[0 0 4 0] #ffi»ig^*JB 1 0 5 T >V X ~ * 

^»^JtS:0. 1 5 ^"T^T > K-^n»WA lo. 15 
Ga 0 . 85 Ngi^f)4^nMSil 0 9£i£«Lfc 0 
nff^ftil 0 9 !J T«fi l±l X 1 0 17 cm 

" 3 ^, Bfffl**) 1 2 nrntcRSLfc, * 

[0041] mmm&fc4 ocoffif&mte— «:w<c*eem 

OCVDj«fa«t*fi!clffitfc*\ 

J*flg£ nJgfrftB 1 0 9(7^ffiWPfl^fi, g^#ffil 1 

fco HttttfcS I MS»«fj£tc<ft5^S^JW»#rSfS* 
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MfttEM 1 0 9F*5— ^^^SESIfi:, ^lOnmTi)^ 
j&SijSSixfc. rco^#ffil 1 0W|*^t)ot, 3£ 
*B 1 0 5 n BfrtEm 1 0 9 £ <?)S^^® 1 1 0 iS 

ftffi* 0 ^ V •> -v /MWKSrKj* L*: 0 

[0 0 4 2] nj^^ffie 1 0 9±fCii, T^^^II 

Sff^jK) i o o nmicig-rarai-o irfcafiu-, 

«KA 1 fflj*l::*Jifi£ft-Lfc, Mg K-^) P fM l x 
10 Ga,-x N (X=0. 20-^0) lllS^7S/Kil 
0 6 <t LT*ffe«Lfc 0 pff^7 ^ KH 0 6«i^ 
»Jgl±, &J2 X 1 0 1 8 cm' 3 b Lfco 

[0 0 4 3] *<7>*gL «««it#4 0«r«Hrft(^ab 
fc e 10 5 OtT'pff^ 7 y KB 1 0 6<Z>j£!R£*£Tb 

ifei\ ft£3 or^iSJ^r^ 5 o°c^#*PL, #: 

JC\ 9 5 0°Cri>k 6 5 0°C^^1 5°COiigT:^£PL 

Ga 0 .9o I n 0 . ,oN^, G a N i:IL^6i*tSi:, -Y 
^v^^Am^it^r^Jl 2-1 5%£^5IB&5^t£^M:±¥ 

SEtftUfco IH5iC|§7tJi 1 0 5c7)^^^ B B 0 ^5t^^i- 
[0 0 4 4] ±B<30J; SKLTflsRLfcfllBlfiafM 0 

a»e>*is«i hmffio^m^ww led 3 o^(«i 

fc 0 LED3 0Wp^-v//tSl07tn|t- 

30 v^lii0 8t^1l:^3. 5 VOW*l6j«EE«:a3 
*PU 2 0m AcolH*[p]aScS:ii»EbT, *^o«3tiK 
S£#J5 0 0 n m ^ 1 6*^feWSififi^S*S:»t 0 
^<Di*i*D5S*tt* 5 0 0 n m) 
^-[i7tM^^i(i\ 1!«±> 2. 4 8eV"C*> 
6 0 BTtM 1 0 5 S:tt«t5Gao.„ I n.. 10 N<DM 
T?W**WStJh1ff(ilijB 3 . 2 e VT'fo "9 (#^Bg 5 5 
~ 3 8 3 4 fH*M) . 3 8 8 n 

5 ^ n ffijf&m 109 b <nt£&RM i l o ^^ft 

fiSfi, ^3tBl 0 5«C*5l^T**0)*lh«f« (=3. 2 
eV) tCltL^O. 7 2eV<Dl^x^/U^-W^>^ 
^fc^U, J;oT. IS*I10 5^tS«-»W** 

3ft«lB!fl!lc»as^6t^i:fto^ 0 -^Tfc^-rnfl 
^S*B 1 0 5 WBS±S«iCiSLT*5<9, r^fc 

6 /i WOiSKSirftofeo 

[0045] mmm 3 ) ^^^j 3 -c«\ 
50 1 7!?^^ 4 (ommmmzmztz led *ftm-tz>m&z 
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omm.*^Z>h<r>XthZ> 0 
[0 0 4 6) £-f\ %tfl2 £El«f;iLT*/abfcn» 
^77FI10 3lt:, >f V^^^jSfl/SttlSrO. 1 0 i 
t5S i K^nlGao.H I n 0 . , o tt5 

n*6*J|i0 4t««Lfc, ^tyrBSiiSi^* 
p^-Olfk, Sttc, ?p5pffltt^3R*4:<i:5WS:lel»i- 
5fc*IC«5 X 1 0 IU cm 3 (Clk*6, JBJ¥ttiR)4 0 n m 
£ Lfc a 10 
[0 0 4 7 ] nSfiill 0 4±lC|4 % nfg^ilO 
4W»rt#fttffc5Ga l .„ In 0 . , 0 N7^b £{£fg£Hf 
Lfc#fll1fK6<036ftJB 1 0 5 frJfgffi Lfc c 1 0 

15-1 8%<tftofc 0 MftJi 1 0 5^+ !J Tjftjffif* 
ft] 7 X 1 0 ,a cm a t U Sffftl 0 nm£ L/c 0 Ekf* 

« «: n m&mm t m- <ow&fr h mm l * # » tc , 

i68xio a ffl-7-i<tofc 0 :©^-7-^it(t 20 
5B#««<Z>S5« (»8X1 O" 4 c m s ) Sr£K:»H*$iX 

[0 0 4 8] #*HfRS«>**Ji 105 Jh^te, 2 
i»ni^| 1 0 9RTfpffi? 7 y KH 1 0 6 £ 
KSacltaLr, «B«iS<*^^Sr»TLfc„ HI 6 f*, 

ff^7 7KHO60M^, S I MS#W«fclcR9 

fft-to 7 y Kirt^SXlR^ IflEQ c li» 1 X 1 

|^xiO ls cm' 3 t'fc^ if:, *ffi«aglS3t)irt^ 
^^MQa^lXlO'cm' 3 ^^ Qa> 
QcMQa>QpWlM^lOO, Qp>Qc(/) 

BB« fc*M* £ tiX v >6 co iii»-c*)6 0 
[0 0 4 9 ] -e<Df£, ±ISOJ: 5iaTML/cfflii 

L E D (7) p ^ jo Xtfn M(OMWn {-Hi^^l C2 0mA(7) 

^ hMcttm-tz'&mfttex^? b/wm&umftb 40 

x l o-' cm* 2 ^i'5IS*;licoil&^®t-fT^iK5t>coi: 

W) wS5#«citi-SflEtb5tw^*o/t: 0 
[0 0 5 0] 

f£*ffctt**(*a*& ft so 
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[0 0 5 1 ] ff &m 2 ^IE«^5fi0^coftfb^*#(*:|g3te 
[0 0 5 2] 3 (C|E«6c03SW<30^fk»^«**:|S*: 

**mtE£itz>mf$.ki,tz(DX\ m^m^mti. & 

[0053] M*JS4«ciE*a5»w^fifk»*Wff** 
fgL\k<omttf}) 9 J* • >r :^*-M»e> ft 

[HW^f^ftf^] 

[HI] **WwjME« 1 f^^SLED^iSm^HI 

XfoZ> 0 ' 

[HI 2] HI 1 C^tL ED<7)A- A' l£?&o fc0tfrS<^ 

[Hi 3] 2 Idff L E D^¥Si«aH 

XtoZ> 0 

[Hi 4] i3[^tLED£7)B-B' |d»o fcWBFW* 

#:mx&>z> 0 

[HI 5] HffiCT2(7)LED^«3t/l 1 0 5<DftW&M*m 

[Hi 6] l|jttM3(OM«ififf(o«S#r^^tt«JK^ 
[Hi 7] n?B^ffiJii:#*B*it»*»^^»'&#iBiS« 

0 1 0 

0 2 0 nBMi 

0 3 0 #tB«jg3&3tS ^ ;fr£Jl £ cr>gE^#© 

0 4 0 nfl2^7 .y KB 

CB e^t« 

e 1^ 

LP1 {g:^^>i/-v/uM^ 

10,30 LED 

2 0,4 0 ffiSWififls: 

1 0 1 t77^f7li 

i o 2 isars 

10 3 nm?7 y KH 
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10 4 n mfcWM 

i o 5 zmmmmtm 

10 6 pff^ 7 y KB 

107 p m*- %vt mm 

10 7a ^iil 

107b myt&mm 

10 8 nff^— vVmM 
10 9 n J&fttEM 
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1 1 0 3£ftS <k n «4rtE» £ Ofi^JMJ 

S ^flwfi 

T ^J^H 

Qp p«^7 y Klf^^^gS 
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0 100 110 120 



